Background: There is no recent comprehensive global analysis of lung cancer mortality in women. We describe contemporary mortality rates and trends among women globally.
Introduction
Lung cancer is now the second leading cause of cancer death in women worldwide (1) . An estimated 491,200 women died of lung cancer in 2012, 57% of whom resided in economically developing countries (1) . Smoking is an important cause of lung cancer, accounting for 71% and 25% of female lung cancer deaths in industrialized and developing countries, respectively (2) . Lung cancer deaths attributable to smoking begin to appear about 20 to 30 years after widespread smoking in the population and peak 30 to 40 years following peak smoking prevalence (3) .
Differences in smoking patterns account for most of the variation in lung cancer rates across geography and time (4) . Smoking in females became common in North America, Northern Europe, Australia, and New Zealand as early as the 1940s, but remained rare throughout the 20th century in the developing world and in places with strong social norms against it, such as the Middle East (5) . Only recently is female smoking becoming more common in many of these countries, because of increasing social acceptance, newly open markets, and/or targeted marketing by the tobacco industry (5, 6) .
Lung cancer mortality among women has been studied little in low-and middle-income countries, especially in comparison with high-income countries. Furthermore, as the tobacco epidemic among women occurred later than it did among men, it requires ongoing documentation as it continues to unfold. Previous studies have shown increasing lung cancer mortality among women in Europe, North America, Australia, New Zealand, and parts of Asia through the first decade of the 2000s with plateauing or decreasing rates achieved more recently in a few countries, particularly among younger women (7) (8) (9) (10) (11) (12) . Increasing rates have also been reported in Latin America through 2000 (13) . Because the tobacco epidemic among women has varied globally, updated research is needed to document and compare contemporary trends in lung cancer mortality and to identify opportunities for intervention. Examining trends among older women allows conclusions to be drawn about the trajectory of the tobacco epidemic, whereas trends among younger women reflect more recent changes in smoking prevalence and predict the future lung cancer burden (14) . We analyzed available data for 61 countries and 4 subnational populations on 6 continents to describe trends in lung cancer mortality rates from 1985 to 2011 among women.
Materials and Methods
We obtained lung cancer mortality rates (age-standardized to the 1960 Segi world standard population, modified by Doll and colleagues; ref. 15 ) from the World Health Organization's Cancer Mortality Database for available years from 1985 to 2011 and from 1950 for select countries (16) . The database is a compilation of mortality statistics from national civil registration systems covering about one third of the world's population. Data are generally more complete and of higher quality for developed countries compared with developing countries (17) . For Australia, mortality data for 2005 were obtained from the Australian Institute of Health and Welfare (18) . Underlying cause of death was categorized according to the International Classification of Diseases, 9th revision (code 162) through 1991 and 10th revision (code C33-34) thereafter. The study population was restricted to women ages 30 to 74 years because lung cancer is rare in those younger than 30 and there is a higher likelihood of misclassification for underlying cause of death among the elderly (17, 19) . Countries were excluded if there were no data beyond 2004 or if there was less than 70% mortality registration coverage at any point during 1990 to 2010 (the years for which coverage estimates are available). Although subpopulations of China had less than 70% coverage, China's sample registration system is representative of the population (17) ; the Hong Kong subpopulation was retained because of this fact and by meeting all other inclusion criteria.
We examined trends in lung cancer death rates between 1985 and 2011 using joinpoint regression analysis, which fits joined straight lines on a logarithmic scale to the observed annual age-standardized rates (20, 21) . The joinpoint analysis yields the annual percent change (APC) for each line segment, which corresponds to a unique period of time, as well as the average annual percent change (AAPC) for the last 5 and 10 years of data. For this analysis, the joinpoint software default settings were applied: a maximum of 5 joinpoints were allowed for 27 or more years of data; 4 joinpoints for 22 to 26 years of data; 3 joinpoints for 17 to 21 years of data; 2 joinpoints for 12 to 16 years of data; and 1 joinpoint for 7 to 11 years of data. The minimum number of datapoints allowed between joinpoints was 4, and joinpoints were not allowed within 3 datapoints of the beginning or end of the series. We report 5-year AAPC to capture the most recent changes in the trends. Trends are described as "increasing" or "decreasing" when the APC or AAPC is statistically significantly different from zero and "stable" otherwise. Joinpoint analyses were conducted for younger (30-49 years) and older (50-74 years) age groups separately as well as combined (30-74 years) . Additional exclusion criteria were applied for the joinpoint analysis. Countries without 10 years of continuous data or with fewer than 10 deaths registered in any year were excluded from the joinpoint analysis, leaving a total of 61 countries and 4 subnational populations for the age group 30 to 74; 49 countries and 3 subnational populations for the age group 30 to 49; and 60 countries and 4 subnational populations for the age group 50 to 74. For a longer-term perspective, we also provide observed agestandardized lung cancer death rates for select populations from 1950 to 2011. In order to smooth the lines for visual inspection, 3-year moving averages were used for age groups 50 to 74 and 30 to 74, and 5-year moving averages were used for age group 30 to 49.
We 
Results

Contemporary rates
During 2006 to 2010, age-standardized lung cancer mortality rates per 100,000 women ages 30-49 years ranged from 0.7 in Costa Rica to 14.8 in Hungary (Fig. 1A) . The rate in Hungary is about 50% higher than the next highest rate of 9.0 in the Netherlands, followed by France (7.6), Serbia (7.1), Denmark (6.8), and Canada (6.7). Among women ages 50 to 74 years, rates varied from 8.8 in Georgia and Egypt to 120.0 in Scotland (Fig. 1B) . In addition to Scotland, rates were >90 in Denmark, Hungary, Canada, Iceland, the United States, and the Netherlands. Among both younger and older women, the lowest rates occurred primarily in the former Soviet states, Latin America, and Africa, while the highest rates were in Northern and Western Europe and Hungary.
Trends in younger women
Among younger women, mortality rates in the most recent 5-year data are decreasing or stable in almost all countries (Table 1 and Supplementary Fig. S1 ). Exceptions include Egypt (increasing 3.2% annually), Bulgaria (1.7%), Portugal (2.3%), Belgium (1.6%), and Venezuela (1.2%). However, visual examination of trends in Portugal indicates a peak or impending peak which is not yet detectable by joinpoint analysis (Fig. 2) . In many countries, rates increased quickly within the past few decades, but have since declined equally rapidly. The largest average declines in the past 5 years include Argentina (7.1%), Canada (4.9%), and the United States (4.7%). The 2 countries with the highest rates in 2006 to 2010, Hungary and the Netherlands, also experienced declines in the last 5 years.
Trends in older women
Among older women, mortality rates in the most recent 5-year data are stable or decreasing in Northern Europe (except Finland, Norway, England and Wales, and Northern Ireland), North America, Oceania, and Asia (except the Philippines and Japan) and select countries in Central and South America (Costa Rica, Mexico, Panama, and Colombia; Table 2 and Supplementary Fig. S2 ). In the 2 populations with the highest rates in 2006 to 2010 (Fig. 1B) , average rates during the last 5 years were stable in Scotland, whereas they had an average annual decrease of 0.7% in Denmark. The largest average declines among older women over the past 5 years include Colombia (4.8%), Uzbekistan (4.0%), and Kazakhstan (3.3%). Mortality rates are still increasing among older women in Southern and Western Europe (except the Netherlands), South America (except Colombia), and Egypt (Fig. 3) . The largest average increases over the past 5 years include the Former Yugoslav Republic of Macedonia (6.9%), Spain (6.4%), and Greece (6.3%). Rates also are rapidly increasing in Eastern European countries, with the exception of the post-Soviet states (Belarus, Moldova, Russia, and Ukraine), where they are stable or decreasing. For example, rates are increasing by more than 3% annually in Hungary, Poland, and Slovakia. Of the total 64 populations considered in this analysis, rates among older women in the most recent 5 data years increased for 56% of populations, decreased for 27%, and were stable for 17%.
The lung cancer rates and trends in the age group 30 to 74 closely mirror those in the age group 50 to 74 and are available in the online supplement (Supplementary Figs. S3, S4, S5, and Table S1 ).
Discussion
Consistent with findings from previous studies, we found that lung cancer mortality rates continue to increase among women in many countries. Rates remain elevated in many high-income populations, including Scotland, Hungary, Denmark, Canada, Iceland, the Netherlands, and the United States. Among older women, rates are generally ,
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ASR per 100,000 women ASR per 100,000 women cebp.aacrjournals.org Downloaded from lung cancer mortality rates among younger women began to decrease around the 1970s, whereas overall declines did not begin for 2 to 3 more decades. The decreasing rates among younger women seen in almost all countries examined, including those where the tobacco epidemic began later, such as Latin America and Southern and Western Europe, represent early evidence of a potentially reversing tide in the lung cancer epidemic for many regions. These declines are likely the result of the implementation of tobacco control measures and heightened awareness of the health hazards of smoking, which decrease initiation of smoking and increase smoking cessation (22) . Smoking cessation among younger women has a large impact on risk; women who quit by middle age (around 40 years) will avoid about 90% or more of the risk of lung cancer death compared with that of those who continue to smoke (23, 24) . Should the progress in tobacco control be maintained or strengthened in these countries, a downturn in overall lung cancer mortality rates among women is likely in the coming decades as these low-risk cohorts age.
Decreasing lung cancer mortality rates among older women have been achieved in some countries and will likely occur in the coming decades in many others. In countries where the tobacco epidemic began earliest, such as the United Kingdom, United States, and Denmark, lung cancer mortality rates among women 50 to 74 began to decrease between the late 1980s and mid-1990s. These downturns have been attributed to public health campaigns and policies against tobacco use over the past 5 decades, including educating the public on the health hazard of smoking, smoke-free air laws, and increases in excise taxes on tobacco products (22) . Declines in lung cancer mortality rates among older women likely reflect a combination of smoking cessation in that age group and the aging of a lower-risk cohort. Reductions in mortality among older women could potentially be accelerated through intensive smoking cessation efforts aimed at older women. Women who quit by their 50s, 60s, or 70s can reduce their risk of dying of lung cancer by 63%, 38%, or 21%, respectively (23, 24) . Widespread cessation among older women could slow the rapidly increasing rates we observed in some countries, such as the Former Yugoslav Republic of Macedonia, Spain, and Greece.
Lung cancer death rates have been stable or decreasing in Russia and other former Soviet states of Eastern Europe and Central Asia, where tobacco control has only recently begun to be implemented. Although the reasons for these declines are unclear, in Russia they may reflect the low risk in the cohort of women who were teenagers during and after World War II, when cigarettes are said to have been scarce (25) . These trends may also be a product of incomplete mortality data. Importantly, smoking prevalence among women has been increasing in Russia and other former Soviet states since the 1990s with the entry of transnational tobacco companies and their marketing campaigns targeting women (6, 26) . In Russia, smoking prevalence among women doubled from 7% in 1992 to 15% in 2003 (6, 26) ; more recent rates in 2009 are reported Table 2 . to be even higher, at 22% among women 15 years and older and 33% among young women ages 15 to 24 years (26) . Russia recently enacted new comprehensive tobacco control legislation and is in the process of implementing tobacco control policies, which will potentially reduce smoking prevalence in the near term and limit the future lung cancer burden (27) . The greatest opportunity for thwarting the cigarette epidemic is in countries where smoking among women remains rare, such as Africa and most of Asia. Female smoking in Africa remains below 10% in all countries and less than 2% in most (28) . In Western Asia, smoking among women is uncommon (except in Lebanon and Yemen), with a prevalence of 3% or less (28) . Smoking prevalence has remained less than 10% among women in Eastern, Southern, and Southeastern Asia, except for more developed urban populations (Singapore, Hong Kong, Japan) and Nepal (28) . Although smoking prevalence among women 15 years and older in China is low at 2.4% in 2010, it has one of the largest populations of female smokers in the world (estimated at 12.6 million; ref. 26 ) and limited evidence suggests that it may be increasing among young women (26, 29) . In these and other countries where the tobacco epidemic has not yet advanced, tobacco control measures are imperative to prevent uptake among the young and promote cessation among those who have already begun to smoke.
In addition to tobacco control, there may also be future opportunities to reduce lung cancer mortality through improvements in early detection and treatment. Screening using low-dose helical computed tomography has been shown to be effective in reducing mortality by 20% compared with chest x-ray among current and former heavy smokers in the United States, although this finding has yet to be confirmed in other countries (30, 31) ; however, because of the technical infrastructure and expertise required, this type of screening is unlikely to benefit those in the developing world in the near term. Survival has improved slightly in developed countries in recent decades (32, 33) , although it generally remains poor.
A strength of this study is its comprehensive nature resulting from the use of all available lung cancer mortality data in the WHO Mortality Database. Also, the use of recent data through 2011 adds to and updates the existing literature on the lung cancer burden in women. Unfortunately, many regions, especially in Africa and Asia, still lack adequate death registration and were not included in this analysis. The lack of data for mainland China is particularly unfortunate given its considerable population size and indications that lung cancer mortality rates are increasing among women in rural China (9) . In many developing countries underrepresented in this study, especially in Asia and Africa, other risk factors in addition to tobacco, such as indoor air pollution, also contribute to the lung cancer burden (34, 35) . We were not, however, able to explore mortality in most of these areas because of a lack of data.
Another limitation of our study is the unknown effect of variations in the quality of mortality registration between countries and over time because of changes or errors in data recording. Although data were censored in the case of too few deaths recorded in order to improve reliability, results may still be less reliable because of small numbers in certain populations and especially in the younger age group. Cancer mortality data are available for more countries and for a longer time period compared with incidence data, and thus was the focus of this analysis. Ideally, mortality would be examined together with incidence and survival data; however, restricting the analysis to those countries with available mortality, incidence, and survival data would significantly limit the scope of the study, especially for developing countries. Furthermore, survival for lung cancer has remained low for several decades with only marginal improvements witnessed in developed countries (7, 8, 32, 36, 37) and country-specific lung cancer incidence and mortality trends are generally similar, even in economically developed countries (38) .
Decreasing trends among younger women show promising evidence of tobacco control successes and future lung cancer deaths averted. Although these trends are encouraging, many countries still lack adequate tobacco control, and most have yet to implement the full array of available tobacco control options (39) . This constitutes a missed opportunity to reduce smoking further and avert deaths through known evidence-based measures. If comprehensive tobacco control measures (including a doubling of cigarette prices) were implemented worldwide, there would be an estimated 271 million fewer smokers by 2030 (40) . As it stands, lung cancer rates among women remain extremely high in many countries. Continued and improved tobacco control measures are urgently needed to accelerate this progress and curtail lung cancer deaths in countries where the tobacco epidemic has not yet taken hold.
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